Improvements in disease prevention and treatment, nutritional intake, level of education, and living and working conditions have resulted in a better quality of life worldwide. One of the markers of the quality of life and national progress is life expectancy[@ref1]. Inequalities in terms of longevity are observed both between and within countries. A dramatic increase in life expectancy was observed during the 20^th^ century in both developed and developing countries. India for example, experienced a steady increase: before independence in 1947, life expectancy at birth increased from 24 years (1891) to 32 years (1941); however, since the 1950s longevity improved more rapidly, from 41 years (1951) to 61 years (2001)[@ref2][@ref3]. The latest estimation (2005) for India reports a life expectancy at birth of 62 years for men and 64 for women (men: 77 years and women: 81 years in UK, 75 and 80 in US; 79 and 86 in Japan)[@ref3].

Kerala State, in south India, is an exception within the Indian subcontinent. Within a few decades, it has achieved major demographic changes that have promoted greater gender equality, education and investment in human resources[@ref4]. Despite having a poor per-capita income, Kerala\'s health indicators and life expectancy are close to those of high-resource countries[@ref5]--[@ref7]. According to the Kerala Government Statistics Bureau, in 1993-1995, life expectancy at birth in rural Kerala was 70 years for men and 77 years for women[@ref8]. Social reforms have brought low poverty rates in urban and rural areas, accompanied by the highest literacy rate in India (Kerala: 90%, India: 65%), especially among women (Kerala: 88%, India: 54%), and a high average marriage age for women (Kerala: 23 years, India: 20 years in 2003)[@ref8]--[@ref13].

However, social and healthcare reforms in Kerala State---the so-called Kerala model or Kerala formula---[@ref5][@ref14]--[@ref16] have presented some challenges such as a high unemployment rate among the educated, a high suicide rate, and a high morbidity rate[@ref5]--[@ref7][@ref17][@ref18].

Socio-economic and demographic factors are known to influence the longevity within individuals, communities, regions or countries[@ref19]. Although evidence on social inequalities in health comes mostly from high-resource countries, reports from India frequently examine caste associated with health outcome; caste being a marker of socio-economic status. In a recent review, Nayar found that the upper caste group was more likely to use health facilities (for immunization, maternal care, treatments) and had a better health status[@ref20]. Based on Mumbai cancer registry data, Kurkure and Yeole reported that cancer survival and cancer mortality were both associated with levels of occupation and education[@ref21]. Kerala\'s social reforms have aimed to equally distribute wealth to the different social strata, therefore, everyone is expected to benefit from the same developments. The objective of the present study was to address the impact of the socio-economic level on their life expectancy, even though social reforms have closed the gap between individuals.

We present longevity estimates according to socio-economic markers; these estimates are based on actual mortality rates, from an ongoing population-based cohort study in Thiruvananthapuram district, India, jointly organized by the Regional Cancer Centre, Thiruvananthapuram, India and the International Agency for Research on Cancer, Lyon, France.

Material & Methods {#sec1-1}
==================

The mortality data used in the present study were collected from an ongoing cluster-randomised community-based oral cancer screening trial implemented to evaluate the efficacy of oral visual inspection on oral cancer incidence and mortality. In brief, among 13 panchayaths used as clusters in a rural area of Thiruvananthapuram district, seven were randomised to receive three rounds of oral visual screening by trained health workers at 3-year intervals, and six to a control group to receive health education on the detrimental effects of tobacco and alcohol use and be encouraged to use health-care facilities if needed[@ref22][@ref23]. Screen-positive persons with suggestive precancerous or cancerous oral lesions were referred to dentists and oncologists for further investigations, and screen-negative individuals were advised to receive repeat screening after 3 years. Both screened and control groups are currently being followed up for cancer incidence and mortality.

A total of 1,91,873 apparently healthy subjects aged 34 and older were eligible; of whom 1,67,331 were recruited from January 1, 1995 and followed up until December 31, 2005 (participation rate: 87% in all, 80% in men, 93% in women). The study protocol was reviewed and approved by both the Scientific and Human Ethics Committees of the Regional Cancer Centre, Thiruvananthapuram and the International Agency for Research on Cancer, Lyon, France. A written informed consent was obtained from each participant.

All participants answered a lifestyle questionnaire administered by trained health workers during house visits. Information on sex, age, education level (illiterate, 1-7 years, 8-10 years, college), occupation \[blue collar (manual, technical worker and artisan), white collar (teacher, office worker, professional, and retiree), business, unemployed, housewife\], standard of living based on household assets (deprived, middle, privileged), number of permanent household residents, type of house (thatched hut or *pucca*, tiled hut or *pucca*, concrete), and total monthly household income in rupees (\<1500, 1500-3000, 3001-5000, \>5000) were collected. Households were classified as privileged when they had a car, a washing machine or a geyser, as middle when they had a television, a bicycle, a fridge, a cooking gas, a scooter, toilets inside home or a phone and as deprived when they had an audio, a radio or none of the previous items.

Participants with missing information on sex (n=1), and age (n=866) were excluded, which brought the total study sample to 1,66,464 persons (66,466 men and 99,998 women). Income level and household assets were included in the questionnaires of the first two rounds, but not at the third round. Consequently, longevity according to these two items was estimated on 1, 31, 242 individuals.

Each study participant was actively followed up for vital status by field workers through municipal death registers, death records from mosques, churches and social organisations, and during repeated house visits (every 3 years in general). If medical records were not available, the cause of death was established by interviewing a close family member of the deceased person using a verbal autopsy questionnaire[@ref24]; these questionnaires were then reviewed by a medical doctor for coding the cause of death according to the International Classification of Diseases -- 10^th^ Revision[@ref25].

Hazards ratios (HR) of mortality were computed using the Cox regression methods, and confidence intervals were based on Wald statistics. Risks were estimated for gender, education level, and monthly income in a multivariate analysis, adjusted for age, gender, education level, income, household assets, house type, randomization group, and number of household residents. Risks of mortality as compared to staying alive were calculated using the Statistical Analysis System (SAS) PHREG procedure[@ref26].

For each year of follow up, frequency tables were constructed including the number of participants present at the beginning of that year and the number of deaths occurring during the year, for each single year of age. Then the frequency tables were combined in a single table, by single year of age; it included the total number of persons followed up \[or person-years (P-Yrs)\] and the total number of deaths by single year of age. Frequency tables were constructed using Excel software.

The mortality rate (M~x~) for each single age was defined as the number of deaths between age~x~ and age~x+1~ divided by the P-Yrs at age~x~. The probability of dying between age~x~ and age~x+1~ was defined as q~x~ = 1 -- exp^-Mx^.

Probabilities were estimated for each category of the demographic and socio-economic variables of interest: sex, level of education, occupation, household assets, number of permanent household residents, type of house, and total household income per month.

Probabilities q~x~ were entered in single-year single-decrement life tables in order to estimate life expectancy. At the age of 80, a value of 1 was given (*i.e*. 100% of the persons were dead at 80). Usually, in life tables produced by the Census Bureau of India, q~x~ = 1 is for age 70 and over; in the present study, enough death cases were available to construct life tables until the age of 80.

Life expectancy according to the socio-economic factors was estimated for all participants, then in men and women separately, for categories including more than 80 death cases. Life expectancy is defined as the number of years a person at a specific age is expected to live and was calculated as e~x~ = T~x~ / L~x~, where

e~x~ = life expectancy of persons alive at age~x~

T~x~ = total number of P-Yrs lived by all members of the cohort beyond the age~x~

L~x~ = total number of P-Yrs lived by the cohort from age~x~ to age~x+1~.

Results {#sec1-2}
=======

A total of 11,764 deaths were registered during the follow-up period. The main causes of death, recorded for 88 per cent of death cases, were chronic and non-communicable diseases. Cardiovascular diseases represented the first cause of death (42%), before cancer (13%) and chronic respiratory diseases (12%).

The [Table](#T1){ref-type="table"} shows death rates and mortality risks according to gender, education level and monthly income. About 20 per cent were not literate while more than 12 per cent of the study population received a college education. More than half of the subjects had a low household income, and only 8 per cent had an income of more than 5000 Rupees per month. Women had lower mortality rates and risks than men. Mortality rates and adjusted risks decreased with increased level of education, and monthly income in a significant dose-response relationship.
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[Fig. 1](#F1){ref-type="fig"} shows the remaining years of life at 40 years old, according to various factors. At age 40, the study participants were expected to live on average an additional 35.5 years. Women were expected to live three years longer than men (33.8 years for men and 36.9 years for women). Longevity increased with increased education level and increased income level (2 years difference between the low- and the high-income groups). Similarly, according to the household assets, the longevity gap between the deprived and privileged households was 1.5 years, the deprived being expected to live 34.9 years more, while the privileged 36.3 years more. Remaining years of life also differed according to the housing conditions, such as construction quality of the house (1.5 years gap) and the number of residents in the household (1.5 years difference). Those unemployed had a shorter life expectancy, followed by the blue-collar workers and the business people.

![Remaining years to live at age 40 according to demographic and socio-economic factors.](IJMR-133-479-g002){#F1}

[Fig. 2](#F2){ref-type="fig"} shows the estimation of life expectancy at age 40, for men and women separately. In both genders, a high socio-economic level was synonymous with a longer life, although the difference between the lower and the higher groups was larger in men. Unemployed men had the shortest remaining life to live, while white collar workers had the longest. Women in the white-collar occupation category lived 6 months longer than housewives.
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Discussion {#sec1-3}
==========

An unequal socio-economic distribution in populations is the result of historical, cultural, political, economic and governance processes. These factors ultimately influence the resources available to individuals and populations and shape the nature of investments in public infrastructure related to education, health services, social welfare, household food availability, housing, employment opportunities, transportation, and environmental controls, among others. Socio-economic differentials have generally been associated with significant differences in the general health of populations. These differences are accompanied by many differences in quality of life, both at the individual and the community level that may adversely affect health and survival of populations. The effect of socio-economic inequality on health and longevity reflects a combination of negative exposures and lack of resources by individuals.

Although successive administrations in Kerala in the past several decades are well-known for egalitarian policies in terms of healthcare and social reforms[@ref4], and greater redistributive actions, we studied socio-economic differentials in health among a peri-urban population near the capital city of Thiruvananthapuram. Those belonging to the socially disadvantaged categories experienced a higher mortality rate. This is exemplified by the longer life expectancy for the better-off group, with high income. The unfavourable longevity experienced among the unemployed may be a reflection of a poor physical or mental health, often linked to increased mortality rates[@ref27]. However, this association could not be verified.

Social inequalities in longevity have been extensively reported in affluent societies; evidence from low-resource countries has also recently been described[@ref28]--[@ref34]. To our knowledge, these are the first estimates of life expectancy in India according to the socio-economic status, based on the results of a large prospective study. Our findings are consistent with observations from developed and developing countries. An ecological study of factors associated with mortality rates among middle-aged Indian adults, based on national data, showed higher mortality rates among the more deprived[@ref35]. Progressive healthcare policies in Kerala have provided an easy access to healthcare services to everyone, with a health dispensary within 2 km and a hospital within 5 km of every home[@ref4]. However, a survey showed that, with the rapid expansion of the private medical sector in Kerala, wealthy individuals are more likely to seek for expensive medical care than for free care[@ref36]. Nevertheless, it is difficult to say whether this phenomenon can explain the observed health disparities.

In the present study, causes of death were similarly distributed across the different socio-economic indicators, the first cause of death being cardiovascular diseases, and the second being either cancer or respiratory diseases. A cross-sectional survey performed in Kerala State in 1996 reported that vascular disease death ranked first (30% of total deaths), followed by cancer (9%) and accidents (6%)[@ref17].

Death registration in low-resource countries is well known for its incompleteness, and Kerala State is no exception. However, we tried to overcome this problem by actively collecting death information from mosques, churches, and repeated house visits. These visits have significantly amplified the proportion of information on death, as compared to the information from the government registries. Moreover, the cause of death also neared completeness by using verbal autopsy, when medical information was not available. The study population included rural and semi-urban communities, with a socio-economic distribution similar to the overall s0 tate, allowing generalization of the findings for Kerala State.

Although a complete life table from birth could not be constructed, the present truncated estimates are based on actual age-specific death rates thanks to the large study sample and the long follow-up duration.

The main causes of high mortality, such as poor sanitation, wide-spread hunger, famine and malnutrition, inadequate access to healthcare and poor education, are not generally applicable to most populations living in Kerala State. Chronic diseases such as cardiovascular diseases and cancers lead to greater morbidity, one of the characteristics of the State[@ref5]. Increasing life expectancy and the ageing of the population go along with increasing prevalence of non-communicable diseases[@ref37]. It is important to recognize and respond to emerging challenges in health and welfare in view of the longer longevity, ageing populations and high frequency of chronic diseases, if the already achieved health benefits and progress are to be sustained.

In conclusion, "live better, live longer" is not only the privilege of those in highly developed countries. Despite the overall progress in health and longevity in a low-resource region like the State of Kerala, India, socio-economic disparities in health are prominently observed at the population level[@ref38].
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